objeCtive Ventriculoperitoneal (VP) shunt treatment is the main treatment method for hydrocephalus. The traditional operative approach for peritoneal catheter insertion is mini-laparotomy. In recent years, laparoscopy-assisted insertion has become increasingly popular. It seems likely that use of an endoscope could lower the incidence of shunt malfunction. However, there is no consensus about the benefits of laparoscopy-assisted peritoneal catheter insertion. MethoDs A systematic search was performed using the PubMed, Embase, ScienceDirect, and Cochrane Library databases. A manual search for reference lists was conducted. The protocol was prepared according to the interventional systematic reviews of the Cochrane Handbook, and the article was written on the basis of the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines. resUlts Eleven observational trials and 2 randomized controlled trials were included. Seven operation-related outcome measures were analyzed, and 3 of these showed no difference between operative techniques. The results of the meta-analysis are as follows: in the laparoscopy group, the rate of distal shunt failure was lower (OR 0.41, 95% CI 0.25-0.67; p = 0.0003), the absolute effect is 7.11% for distal shunt failure, the number needed to treat is 14 (95% CI 8-23), operative time was shorter (mean difference [MD], -12.84; 95% CI -20.68 to -5.00; p = 0.001), and blood loss was less (MD -9.93, 95% CI -17.56 to -2.31; p = 0.01). In addition, a borderline statistically significant difference tending to laparoscopic technique was observed in terms of hospital stay (MD -1.77, 95% CI -3.67 to 0.13; p = 0.07). CoNClUsioNs To some extent, a laparoscopic insertion technique could yield a better prognosis, mainly because it is associated with a lower distal failure rate and shorter operative time, which would be clinically relevant.
H ydrocepHalus is a common disease that is treated by neurosurgeons. 2 First described in 1908, ventriculoperitoneal (VP) shunt placement remains a mainstay of surgical therapy for hydrocephalus. 2 Over time, advances in design and materials of catheters as well as valves have been achieved. However, complications associated with VP shunts are still common. Typical complications include infection, malposition, dislocation, and obstruction. According to Patwardhan and Nanda, the overall annual health care costs associated with VP shunts in the US exceeds $1.1 billion. 27 Notably, distal complications account for as much as 30% of overall complications. 16 Thus, a properly working peritoneal catheter is very important for successful VP shunt treatment. The distal insertion technique may play an important role in the occurrence of complications. Currently, a distal catheter is inserted using a variety of techniques, including minilaparotomy and laparoscopy. The most frequently used approach for shunt insertion remains the mini-laparotomy. 37 However, it has been reported that the distal catheter failure rate associated with mini-laparotomy ranges from 6% to 28.7%, 18 ,28 which seems to be higher than that for laparoscopy (0%-15.7%). 1, 5, 6, 9, 13, 20, 35, 37 Moreover, many studies have reported that patients undergoing laparoscopy benefit more from the shorter operative time, shorter hospital stay, and quicker recovery. 7, 24 Many analyses account for the benefits. One of the most important reasons is that, with the laparoscopic method, surgeons are able to place the peritoneal portion of the VP shunt in the peritoneal cavity and confirm its efficiency under direct vision.
7,23
AbbreviAtioNs MD = mean difference; NNT = number needed to treat; RCT = randomized controlled trial; VP = ventriculoperitoneal. sUbMitteD January 29, 2016 . ACCePteD May 10, 2016 . iNClUDe wheN CitiNg DOI: 10.3171/2016.5.FOCUS1637.
Laparoscopy versus mini-laparotomy peritoneal catheter insertion of ventriculoperitoneal shunts: a systematic review and meta-analysis
Overall, although many prospective and retrospective studies, RCTs, and case reports regarding the efficacy of the laparoscopic technique have been published, these studies have not reached a consensus. It is therefore the aim of this systematic review and meta-analysis to evaluate the efficacy of the laparoscopic method compared with the mini-laparotomy method from the included RCTs and cohort studies up to July 2015.
Methods
Before conducting this systematic review and metaanalysis, we developed a detailed protocol that included literature search strategies, inclusion and exclusion criteria, outcome measurements, selection and data extraction, quality assessment, and methods of statistical analysis. The protocol was prepared according to the Cochrane Handbook for Systematic Reviews of Interventions, and the study was written according to PRISMA (Preferred Reporting Items For Systematic Reviews and Meta-Analyses) guidelines.
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literature search strategy A literature search of laparoscopic and mini-laparotomy techniques for VP shunt placement was performed by 2 reviewers (L.O. and M.H.) on articles published between January 1993 and July 2015. A computerized search of the PubMed, Embase, ScienceDirect, and Cochrane Library databases was performed without restriction on the language of publication. Keyword and free text searches used combinations of the following keywords: laparoscopy, ventriculoperitoneal shunt, and hydrocephalus. A manual search for unpublished results of ongoing trials and presentations at significant scientific meetings was conducted as a supplement. All reference sections of eligible studies and pertinent reviews were hand-reviewed for potentially relevant studies. When a study generated multiple publications, the most current report was used.
literature screening
The decision on whether a study should be included was made independently by 2 authors (S.W. and M.Z.), and disagreements were settled by the senior author (A.L.).
The inclusion criteria were as follows: 1) all available RCTs and comparative studies (cohort studies: prospective and retrospective) that compared the laparoscopic method and mini-laparotomy method for all age groups; 2) need for a VP shunt for the treatment of hydrocephalus; and 3) the percentage or crude data explicitly reported for both the laparoscopic and mini-laparotomy methods.
The exclusion criteria were as follows: 1) insufficient data or the lack of a comparison group; 2) substantial imbalance of clinical characteristics (age, sex, race, and American Society of Anesthesiologists Physical Status class) or the absence of baseline information; and 3) editorials, letters, review articles, case reports, and animal experimental studies.
Data extraction and Quality Assessment
The primary outcomes were overall shunt failure rate, distal shunt failure rate, overall infection rate, and intraoperative complication rate. The secondary outcomes were operative time, hospital stay, and blood loss. Shunt failure is defined as any catheter-related problem that required a return to surgery for management, such as shunt malfunction, displacement, misplacement, malposition, dislocation, and obstruction. Intraoperative complication was defined as accidental injuries to viscera during operation. Studies were rated for the level of evidence according to criteria of the Centre for Evidence-Based Medicine in Oxford and by using the GRADE tool (GRADEpro, version 3.2 for Windows). The quality of the RCTs was evaluated according to the Cochrane Collaboration's tool, and bias was assessed using the method mainly established by Higgins et al. 12 
statistical Analysis
A meta-analysis was performed on the included studies using the software package RevMan (version 5.0, Cochrane Informatics & Knowledge Management Department). Dichotomous variables are presented as ORs (laparoscopic vs mini-laparotomy) with 95% CIs. Random-effect models were used, with significance set at p < 0.05. In addition, for outcomes that showed statistically significant treatment effects, we calculated absolute risk reduction and number needed to treat (NNT). NNT was calculated using the absolute numbers and estimated using the control group event rate and OR with 95% CI obtained from the metaanalysis. Statistical heterogeneity was assessed using the I 2 statistic, which describes the proportion of total variation that is attributable to differences among trials rather than sampling error. An I 2 value of < 25% was defined to represent low heterogeneity, a value between 25% and 50% was defined as moderate heterogeneity, and > 50% was defined as high heterogeneity between studies. Otherwise, the fixed-effects model was used. Moreover, a sensitivity analysis was performed when the heterogeneity was high to find out the source of heterogeneity. Funnel plots were used to screen for potential publication biases.
results Figure 1 shows a flow diagram according to the PRISMA statement, 22 with the total number of citations retrieved using the search strategy and the number included in the systematic review. Thirteen studies met all of the inclusion criteria and were included in the analysis. In total, these studies included 3235 patients, of whom 1485 underwent laparoscopic-assisted VP shunt placement and 1750 underwent mini-laparotomy method-assisted VP shunt placement. Of these included studies, 2 are RCTs 6,33 and 11 are cohort studies. 3, 4, 7, 8, 23, 24, 26, 29, 31, 32, 40 As shown in Fig. 2 , the quality of the RCTs was evaluated using the Higgins classification.
11 A total of 13 studies were included for meta-analysis, and the sample size ranged from 22 to 810. The percentage of included males ranged from 36.4% to 56.7%, and the mean age of study patients ranged from 47 to 63.6 years; the groups were not significantly different with respect to age and sex. The characteristics of these studies are presented in Table 1 . For the various definitions of the outcome measures existing in the included studies, it is necessary to describe the definitions (Table 2 ).
Primary outcomes: overall shunt Failure, Distal shunt Failure, overall infection, and intraoperative Complications
Eight studies 3, 7, 8, 23, 24, 26, 29, 33 that investigated the incidence of overall shunt failure after VP shunt surgery or revision were included in the meta-analysis, providing a total of 2279 patients. Results showed that there was no statistically significant difference between the two groups for overall shunt failure (laparoscopic vs mini-laparotomy: 17.5% vs 20.7% [OR 0.93, 95% CI 0.73-1.18; p = 0.53]). Thirteen studies 3, 4, [6] [7] [8] 23, 24, 26, 29, [31] [32] [33] 40 that investigated the incidence of distal shunt failure after VP shunt procedures or distal revisions were included for meta-analysis, with a total of 3219 patients. Studies showed that laparoscopy was associated with a less frequent occurrence of distal shunt failure (distal shunt failure rate for laparoscopy vs mini-laparotomy: 3.0% vs 10.2% [OR 0.41, 95% CI 0.25-0.67; p = 0.0003]), the absolute effect between groups was 7.11%, and the NNT for 1 patient to prevent 1 shunt failure was 14 (95% CI [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] 3, 6, 7, 23, 24, 33 with a total of 2089 patients, the pooled length of hospital stay was calculated. There is a borderline statistically significant difference in favor of laparoscopy between the treatment groups (MD -1.77, 95% CI -3.67 to 0.13; p = 0.07). Pooling the data from 2 studies 3, 23 that assessed the blood loss in 1389 patients showed that laparoscopy was associated with better outcomes compared with mini-laparotomy (MD -9.93, 95% CI -17.56 to -2.31; p = 0.01) (Fig. 4) .
Of this meta-analysis, the summary of the pooled outcome measure and their quality are shown in Table 3 . Results of the sensitivity analysis showed that no significant difference was observed when eliminating the studies one by one, except for distal shunt failure (when the study by Roth et al. 31 was excluded, p = 0.03) and operative time (when the study by Park et al. 26 was excluded, p = 0.01).
Publication bias
As shown in Fig. 5 , the shapes of the funnel plots seem symmetrical and suggest that there was no publication bias in the current meta-analysis. These funnel plots indicated that bias from publications might not have a significant influence on the results of our meta-analysis.
Discussion
Our meta-analysis systematically summarizes the available evidence about outcomes of patients who underwent a laparoscopic method or a mini-laparotomy method for VP shunt placement. This meta-analysis shows that a laparoscopic method tends to produce better clinical outcomes compared with the mini-laparotomy method. Specifically, the distal shunt failure rate is lower, the operative time is shorter, and the blood loss is less in the laparoscopic group.
Distal shunt failure is defined as any distal catheter-related problem that requires a return to surgery for management, such as shunt malfunction, displacement, misplacement, malposition, dislocation, and obstruction. It is reported in case series to occur in 0%-15.7% of laparoscopically inserted peritoneal catheters 1, 5, 6, 9, 13, 20, 35, 37 and in 6%-28.7% of mini-laparotomy inserted catheters. 18, 28 In this meta-analysis, the pooled data also show that the laparoscopic method significantly decreased the rate of distal shunt failure, which could be attributed to 2 main reasons, one being that the laparoscopic technique could prevent the distal shunt end from preperitoneal placement and confirm its efficacy simultaneously by direct vision. The other reason is that the laparoscopic method might prevent the peritoneal shunt end from obstruction if adhesiolysis is performed, especially in patients who have undergone abdominal surgery and formed peritoneal adhesions. 23, 24, 31 However, a general surgeon performing laparoscopy will have more experience in dealing with adherences and distorted anatomy. 24 This raises the question of whether the expertise of the general surgeon contributes to the reduced distal shunt failure rate. Inevitably, more or less influence on the veracity of our results might be due to the general surgeon's expertise. To avoid the influence of general surgeon, neurosurgeons should perform the laparoscopy portion in the future.
There was a significant difference in terms of the distal shunt failure rate between the 2 groups, but the significance disappeared when proximal shunt failure was also considered (Fig. 3) , leaving a nonsignificant trend toward lower overall shunt failure in the laparoscopic compared with the mini-laparotomy group (17.5% vs 20.7%; p = 0.53).
Infection is defined as the positive results of the wound secretion and CSF in laboratory reports. Studies have indicated that there is not a preferred surgical technique in terms of the overall infection rate between the mini-laparotomy method (0%-1.3%) 14 and the laparoscopic method (0%-2.7%). 20, 30, 35, 36, 39 Consistently, in terms of the overall infection rate, no significant difference was observed in our meta-analysis, but a trend in favor of laparoscopy exists. The fluctuation of the overall infection rate may be attributable to patient age, differences in antibiotic prophylaxis, 18 number of surgeons, circulating personnel, and duration of the operation. 17, 30 There is no standard about which antibiotic should be administered and when to prevent infection.
Intraoperative complications were defined as accidental injuries to viscera during surgery. In this meta-analysis, no significant difference between surgical methods was observed. Corresponding with the result of meta-analysis, a similar result was obtained from the studies excluded from this meta-analysis in respect of intraoperative complications between the mini-laparotomy method (0%-1.2%) 18, 28 and the laparoscopic method (0%-1.9%). 10, 13, 15, 36 One of the most important steps of laparoscopy is the establishment of pneumoperitoneum. It is obvious that an enlarged abdominal cavity can make the operation easier; thus, an expected result is that the laparoscopic technique prevents the abdominal viscera from immediate injury. Actually, most of the intraoperative complications occurred during but not after the estimation of the pneumoperitoneum, 31, 33 and it is why there is no significant difference between the surgical techniques.
Operative time is defined as the duration from incision to suture. This time has been reported in case series as 49-78 minutes for laparoscopically inserted peritoneal catheters 13, 20, 39 and as 116-120 minutes for the mini-laparotomy method. 16, 30 Significantly reduced operative time in the laparoscopic group was also consistently observed in this meta-analysis. This reduction may be attributable to the simultaneous operation on the abdomen by additional general surgeons when the laparoscopic method is used. However, Schubert et al. reported an increased operative time for laparoscopy-assisted catheter placement. Further analysis showed that this increase is mainly due to the increased time needed for preparation of the laparoscopy instruments and coordination with general surgeons. 32 Therefore, it may be that the operative time is further reduced as the number of cases increases and good collaboration takes place. Studies not analyzed in our meta-analysis revealed a different duration of hospital stay between the laparoscopic method (range 1.3-2.0 days) 15, 20, 39 and the mini-laparotomy method (range 4-8 days). 38 In this meta-analysis, a trend in favor of the laparoscopic method was observed; however, this trend did not reach statistical significance. The variation of duration of hospital stay in different studies might be attributable to patient selection. For example, some patients with carcinomas inevitably undergo further treatment in the hospital, thus prolonging the length of hospital stay. 6, 7, 26 Additionally, it has been reported that laparoscopy surgery has advantages in reducing postoperative pain and shortening recovery time; 19, 21, 34 thus, it might reduce the length of hospital stay.
Lastly, as revealed by this meta-analysis, a laparoscopic method could significantly reduce blood loss. Compared with the mini-laparotomy method, laparoscopic incisions are usually only 5 mm, leading to less blood loss and improved cosmetic effect. 23 However, raw data regarding the blood loss were insufficient; therefore, we could not draw a rigorous statistical result in terms of blood loss. This question needs to be addressed using more high-quality evidence.
Conversion to mini-laparotomy surgery is a risk of any laparoscopic procedure. Ochalski et al. 25 converted 9% of minimal-access cases to open surgery because of extensive adhesions, rather than because of visceral or vascular injuries. Naftel et al. 23 only converted to open surgery in 0.6% of laparoscopic cases. In each case, conversion was required because of dense adhesions; 2 of these 3 patients had undergone previous abdominal surgery. 
limitations
To draw a relatively reliable conclusion, we included as much evidence as possible by including RCTs and observational trials. Thus, there might be a selection bias. However, after weighing the pros and cons, we preferred to include more patients rather than exclude some studies, which might introduce bias. One other possible limitation comes from the neurosurgeons or general surgeons with different levels of experience. Furthermore, with the laparoscopic method, the peritoneal catheter insertion was accomplished by general surgeons. In the future, well-designed RCTs are needed to confirm our conclusions.
Conclusions
The results of our meta-analysis clearly show that the laparoscopic technique is a safe, minimally invasive treatment option for the insertion of distal catheters. Laparoscopy can reduce the distal shunt failure rate and length of operation and might reduce blood loss, while not reducing the overall shunt failure, overall infection rate, and length of hospital stay and might not reduce intraoperative complications. The laparoscopic technique is a good option for the placement of peritoneal catheters; however, laparoscopy as a first-line treatment requires further research. In particular, data from multicenter and large sample studies and RCTs are needed.
